, and 1 % mepivacaine 40 ml (400 mg) were used [7] .
The perivascular method of axillary brachial plexus block described by Winnie in 1975 [1] results in incomplete block often involving the radial and musculocutaneous nerves in 10-20% of patients [2] [3] [4] . Using a transarterial technique of axillary brachial plexus block and a large dose (750 mg) of mepivacaine, Cockings, Moore and Lewis [5] achieved a success rate of 99%, including the radial and musculocutaneous nerves. The success rate was only 79% when the transarterial block technique, described originally by De Jong in 1961 [6] , and 1 % mepivacaine 40 ml (400 mg) were used [7] .
In the present study, we have compared a perivascular nerve stimulator technique and a transarterial technique of axillary brachial plexus block. In order to explain possible clinical differences between the techniques, a radiological computed tomography study of the distribution of injected local anaesthetic solutions was conducted also.
PATIENTS AND METHODS
The study was approved by the Ethics Committee of our hospital. Sixty-six ASA I-II patients (table I) undergoing surgery of the hand, forearm or elbow gave informed consent for the study.
The patients were premedicated with oral diazepam 0.15 mg kg" 1 and i.m. oxycodone 0.15 mg kg" 1 1-2 h before the block.
Efficacy study
Patients were allocated randomly to two groups. Twenty-five patients were given an axillary brachial plexus block using the perivascular nerve stimulator technique and in another 25 the transarterial technique was used, with 1 % mepivacaine plus adrenaline (5 ng ml" 1 ) 45 ml. One patient was operated on twice: he received a transarterial block and, 4 months later, a perivascular block.
Before the blocks, the arm was abducted and the elbow flexed to 90°. The axillary brachial plexus sheath was localized in the patients of the perivascular group using a nerve stimulator (DualStim, Life-Tech Inc., Houston, Texas, U.S.A.) connected to a Stimuplex 0.7 x 50 mm needle (B. Braun, Melsungen, Germany). An initial current of approximately 0.8 mA was reduced to a minimum (0.1-0.6 mA) to elicit muscular contractions in the hand. After careful aspiration, the total dose of local anaesthetic was administered without moving the needle. Aspiration was repeated intermittently during the injection of the local anaesthetic to confirm that the tip of the needle was not located intravascularly. Manual compression was applied on the brachial neurovascular sheath 2-3 cm distally from the injection site during injection and for 3 min thereafter.
In the transarterial group, the arm was positioned similarly to the perivascular group. The pulse of the axillary artery was palpated and the block needle advanced through the artery while an assistant made repeated aspirations. As the needle penetrated the axillary artery, arterial blood was seen in the extension tubing of the Stimuplex needle. The needle was then advanced until blood could not be aspirated. Half of the local anaesthetic solution was injected behind the axillary artery, after which the tip of the needle was withdrawn through the artery. The remaining half of the local anaesthetic was injected in front of the artery when aspiration was negative. The neurovascular sheath was compressed during the injection and for 3 min thereafter.
Immediately after the injection of local anaesthetic, the arm was placed by the patient's side to enhance cranial spread of the anaesthetic. The extent of the sensory block was tested with pinprick 5, 10, 20 and 30 min and 3 h after injection of the local anaesthetic. If pinprick analgesia had not developed at the site of the planned surgery in 20 min, the nerves innervating that area were blocked separately. If required, the musculocutaneous and intercostobrachial nerves were blocked at the axilla with 5 ml of 1 % mepivacaine plus adrenaline, and radial, median and ulnar nerves at the elbow or wrist were blocked with 3 ml of 1 % mepivacaine plus adrenaline.
The motor function of the blocked extremity was tested 10, 20 and 30 min and 3 h after injection of the local anaesthetic. The strength of the flexors and extensors of the forearm was evaluated and the strength of the palmar muscles measured using a grip strength meter. Blood samples were taken from an antecubital vein before the block and 5,15,30 and 45 min after the block for measurement of plasma concentrations of mepivacaine using a gas chromatographic method described by Mather and Tucker [8] . The sensitivity of the method was 0.01 ug ml" 1 and the precision of repeated determinations 4 % or better.
the level of the clavicle towards the elbow until no more contrast medium was seen in the neurovascular sheath. Then, a 50-ml bolus of iohexol 300 mgl ml" 1 was given and an infusion of the same contrast medium started at a rate of one drop per second into a peripheral vein of the blocked extremity in order to visualize the blood vessels in the axillary neurovascular sheath. A tourniquet was applied on the forearm to force the infused contrast medium into the deep veins. Another series of CT scans was taken 10-20 min after the first scans.
Statistical analysis
For comparison of the patient characteristics and mepivacaine concentrations, the unpaired Student's t test was used. The pinprick test results were compared using contingency table analysis and Mann-Whitney U test. P < 0.05 was regarded as statistically significant.
RESULTS

Efficacy study
There were no differences between the groups in patient age, height or weight, or tourniquet time. The numbers of patients with pinprick analgesia or anaesthesia of the areas of innervation of the different nerves 20 and 30 min after the injection of mepivacaine are shown in table II. At 20 min, there were some statistically insignificant differences between the groups. By 30 min, the numbers of blocked CT scan study Forty millilitre of 0.5 % bupivacaine plus iodine contrast medium 2-4 ml (iohexol 180 mgl ml" 1 , Omnipaque, Nycomed, Oslo, Norway) was used for the blocks in two groups of eight patients (perivascular or transarterial technique). Bupivacaine was chosen for this part of the study because of an anticipated delay between the injection of the local anaesthetic and beginning of surgery. The arm was moved to the patient's side with the forearm resting on the patient's chest immediately after the injection of local anaesthetic whilst the axillary neurovascular sheath was still compressed distal to the site of injection.
Approximately 5 min after the end of injection of local anaesthetic, a series of CT scans was taken from Grip strength (kg cm" nerves increased in both groups. At the same time, the differences between the groups decreased. There were more total failures of block in the transarterial group (four patients had to be given general anaesthesia compared with one in the perivascular group (ns)). Nine and 12 patients were given additional blocks and five and six patients more than one dose (0.5 mg) of alfentanil in the perivascular and transarterial groups, respectively (ns).
There were no significant differences between the groups in motor blocks (table III) .
There were no significant differences between the groups in the plasma concentrations of mepivacaine during the first 45 min after the injection ( fig. 1) . The mean concentrations of mepivacaine in the perivascular group were greater than those of the transarterial group (ns). The largest concentration of mepivacaine in an individual patient was 5.5 ug ml" 1 , measured 45 min after the perivascular block. This patient had no signs of local anaesthetic toxicity. She had been given additional conduction blocks of the radial and median nerves with 1 % mepivacaine plus adrenaline 6 ml.
Radiological (CT scan) study
There was a distinct circumferential perivascuJar distribution of the contrast medium in the axillary region of all patients in the transarterial group. In three patients in the perivascular group, the contrast medium was found only on the dorsal side of the neurovascular sheath.
Local anaesthetic had spread as far as the distal third of the humerus in all patients in the perivascular group, but in only four patients in the transarteriaJ group (table IV) . Also, proximal spread of the local anaesthetic was more common in the perivascular group (n = 3) compared with the transarterial group (n = 1). Contrast medium was seen in the subscapular region of one patient in the perivascular and two in the transarterial group. There were no differences in distribution of local anaesthetic between the CT scans taken 5 and 20-30 min after the injection.
There was no relationship between the observed location of the contrast medium and the clinical efficacy of the blocks. One patient in the perivascular group was given propofol 140 mg during surgery. Two patients in both groups were given additional blocks and one patient in each group received more than one dose (0.5 mg) of alfentanil.
DISCUSSION
The success rates of the two methods of axillary brachial plexus block in the present study were similar to those of most earlier studies. The results of the transarterial technique resemble those of Hartung and Rupprecht [7] , whose dose of mepivacaine (400 mg) was close to the dose used in the present study (450 mg). Youssef and Desgrand [4] , who used 1 % prilocaine 40 ml and injected all of the local anaesthetic solution behind the axillary artery, had a failure rate of 21 %, compared with 20 % in our study with the transarterial technique. A failed block is defined as one in which the sensory block involves only one or none of the musculocutaneous, radial, median or ulnar nerves [9] . The excellent results of transarterial axillary brachial plexus block reported by Cockings, Moore and Lewis [5] were probably attributable to the large dose (750 mg) of mepivacaine administered in a relatively large volume (50 ml).
The number of failed blocks using the criterion of Vester-Andersen and colleagues [9] was greater in the perivascular group (seven) than in the transarterial group (five). However, after additional blocks given as required, it was possible to proceed in six of those patients; only one required general anaesthesia. In the transarterial group, four patients had incomplete blocks, which could not be improved sufficiently with additional blocks and general anaesthesia was required. In these patients, a significant fraction of the local anaesthetic solution may have been injected outside the neurovascular sheath, which is more probable when using the transarterial than the perivascular nerve stimulator technique. When a nerve stimulator is used, the local anaesthetic solution is not injected until a motor response is obtained with a small current (0.1-0.6 mA). This gives a guarantee that most of the local anaesthetic is injected inside the neurovascular sheath, the quality of the block depending on the spread of the solution in the sheath.
In the present study, the musculocutaneous nerve was more often blocked by the initial dose of mepivacaine in the transarterial group (68 % vs 48 % (ns)). Contrary to our expectations, there were no differences between the groups in the block of the radial nerve.
There were no significant differences between the perivascular and transarterial groups in the mean plasma concentrations of mepivacaine. The lack of large initial concentrations suggests that there were no intravascular injections or fast absorption of the local anaesthetic in either group. In both groups, the largest concentrations, on average, were measured 45 min after the injection of mepivacaine. In the study by Tucker and colleagues [10] , a mean maximum plasma concentration of 2.96 (SD 0.77) ug ml" 1 was observed, on average, 47 min (range 15-120 min) after the injection of mepivacaine plus adrenaline 500 mg for brachial plexus block.
The advantage of the divided transarterial technique (injection behind and in front of the artery) has been thought to be more even spread of local anaesthetic in the neurovascular sheath. This is supported by our study, as contrast medium was seen circumferentially around the axillary artery and vein in all patients in the transarterial group, but in only five patients in the perivascular group. The local anaesthetic spread more often both proximally and distally from the site of injection in the perivascular than the transarterial group. Sufficient proximal spread of the local anaesthetic has been thought to be a requirement for successful block of the axillary and musculocutaneous nerves [6] . By increasing the volume, proximal distribution of the local anaesthetic solution can be enhanced [5] . The efficacy of distal compression of the neurovascular sheath in enhancing proximal spread of the local anaesthetic solution may be unpredictable [11] . As shown in the present study, in spite of distal compression during the injection of the local anaesthetic and 3 min thereafter, there was distal spread of the contrast medium in 12 of the 16 patients.
